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Abstract 
Micro-arc oxidation(MAO) coatings on pure titanium were prepared in sodium phosphate electrolyte, in sodium 
silicate electrolyte, in sodium aluminate electrolyte and in composite electrolyte (Na3PO4+Na2SiO3+NaAlO2 
electrolyte), respectively. The surface morphologies and the phase composition of coatings were analyzed by means 
of SEM, XRD. A kind of typical textile industry pollutant (methylene blue) was used to evaluate the photo-catalytic 
activity of the films. The results show that MAO coatings prepared in the four electrolytes are rough and micro-
porous, but the pores on the surface of the coating prepared in the sodium phosphate and composite electrolyte are 
smaller and more homogeneous than others.This surface may attract more reactants in photocatalytic degradation, 
The result of absorbance test shows that the photocatalytic activity of the coating formed in composite electrolyte is 
higher than that of the coating formed in the sodium silicate electrolyte and sodium aluminate electrolyte.in addition, 
The corrosion potential is also differents along with electrolyte solution change. The corrosion potential of the 
coating formed in composite electrolyte was improved greatly reach to –0.580V, which provides a good protection 
method for the pure titanium. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Society for 
Resources, Environment and Engineering 
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1. Introduction 
The application of photo catalysis as a remedy to the environmental problems has been increased 
tremendously indecent years[1–2]. As one of the most popular photocatalysts, nanosized TiO2 has long been 
investigated for photocatalytic degradation of organic pollutants, photocatalytic dissociation of water, and 
solar energy conversion due to its biological and chemicalinertness, strong oxidizing power, nontoxicity 
and long-term stability against photo and chemical corrosion[3,4]etc. In this context, TiO2 thin films have 
recently gained much attention as useful photcatalysis[5,6] . A few papershave reported the preparation of 
TiO2 photocatalytic thin films with microarc oxidation (MAO). This method is based on the anodic 
oxidation, which runs at potential above the breakdown voltage of the oxide film growing on the surface 
of metal anode, such as aluminum, titanium, magnesium and zirconium[7-10]. The advantages by this 
method are that uniform films are grown on the surface of metal substrate both with good adherence to 
substrates and with a number of micropores [11-14]. 
This paper further examines the electrolyte composition on film morphology and the influence of 
photocatalytic activity ,for the selection of appropriate electrolyte for preparing high photocatalytic 
activity of MAO provide the basis for the film. Meanwhile, in the paper electrochemical performance of 
coatings were studied in different electrolyte micro-arc oxidation, thereby get MAO film layer with 
enhanced corrosion resistance and best photocatalytic performance. 
2. Experimental
2.1. Samples and technology process 
Pure titanium (10mmh10mmh0.5mm) was used as standard sample. The experiment concretely 
process: standard sampleė abrasive paper polishedė ultrasonically degreasing ė deionized water 
cleaningėand driedėmicroarc oxidationė deionized water cleaningėdrying treatmentėphotocatalytic. 
2.2. Experimental process 
MAO coatings were deposited in an different electrolytic. A 25kw MAO coating deposition equipment 
of unit designed was used for the coating deposition. The electrolyte was continuously circulated in the 
reaction chamber made of non-conductive material. The samples to be coated were immersed in the 
electrolyte and the specially regulated power was supplied to achieve the coating deposition. The coating 
deposition was carried out at 0.1 ~ 0.3 A/cm2 current densities on different electrolytic. The composition 
and concentration of electrolyte in the experiments are given in Table1. 
The bench-scale photoreactor system consisted of a cylindrical quartz cell with the size of 25 mm in 
diameter and 50 mm in height, a 20 W UV lamp with a maximum UV irradiation peak at 365 nm. The 
photocatalytic activity of the coatings were obtained by measuring the degradation of methylene blue 
solution. Samples were immersed into 10 ml of a 5 mg/L methylene blue solution. 
2.3. Test methods 
The surface morphologies of the produced coatings was characterized by using Scanning Electron 
Microscopy (SEM), crystalline structure of the produced coatings were examined using D/max-rB X-ray 
diffraction (XRD) with a Cu KaĄsource. The corrosion resistances of various samples were tested using 
a potentio-dynamic polarization technique on an electrochemical workstation (IM6ex,ZAHNER Electric 
Co, Germany). 
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Table 1. Composition and Concentration of Electrolyte 
Samples numuber electrolytes compose concentration 
1# NaAlO2 15g/L 
2# Na2SiO3 15g/L 
3# Na3PO4 15g/L 
4# Na3PO4+ Na2SiO3 10g/L+5g/L 
5# Na3PO4+ NaAlO2 10g/L+5g/L 
6# Na3PO4+Na2SiO3+ NaAlO2 15g/L+5g/L +2g/L 
3. Results and discussion  
3.1. Surface morphology of ceramic coatings in different electrolytes 
The surface morphology of the coatings formed on pure titanium in different electrolytes is shown in 
Fig.1. The samples have very rough surface with micron-sized holes after the micro-arc oxidation 
treatment. The MAO coatings have different surface morphology in different electrolytes. In Fig. 1(a), 
MAO coating generated in partial sodium aluminum solution is more delicate and flaky. In Fig.1(b), the 
coating surface generated in sodium phosphate solution has smaller and more pores, and some of the 
pores are even stacked. This is because that the response voltage of titanium is higher in Na3PO4 solution. 
In the process sparks increase gradually and that means the increase of the number of micro-arc in unit 
time, which results in increased number of surface pores, and the size is reduced. Fig.1 (c) shows the 
coating formed in Na2SiO3 (15g / L ) electrolyte is more rough and loose, and pores are distributed more 
uniformly. The diameter of the pores is about 2-3 um of some larger holes, where sparks stay in the late 
time of micro-arc discharge. Fig.1(d) shows the surface morphology of MAO coating generated in 
sodium phosphate electrolyte added with the partial sodium aluminate electrolyte˄10g/LNa3PO4+ 
5g/LNaAlO2, many deep holes of different sizes are distributed on the surface of the coating, the small 
holes exist in the edge or inside of large holes irregularly. Some of these holes connect with each other to 
form a pore-like structure embedded in the network. Fig.1(e)shows the surface morphology of MAO 
coating generated in sodium phosphate electrolyte added with sodium silicate electrolyte (10g/LNa3PO4+ 
5g/L Na2SiO3). With the addition of Na2SiO3, sparking voltage is increasing gradually, and also the 
number of pores in the film surface is increasing and magnifing , but they are distributed uniformly. 
Fig.1(f) displays the micro-arc oxidation film generated in composite electrolyte of 
15g/LNa3PO4+5g/LNa2SiO3+2g/LNaAlO2, the entire surface is covered with small and uniform pores. 
This is because that low voltage is required in the mixed electrolyte, and electric breakdown is relatively 
weak. Obviously, in photocatalytic degradation this surface may attract more reactants, and this will 
benefit the photocatalytic reaction. 
3.2. Structural analysis of the photocatalytic coatingss 
X-ray diffraction method was used to assess the crystallinity of the photocatalytic coatings. XRD 
spectra of MAO coatings in the composite electrolyte (15g/L Na3PO4 + 5g/L Na2SiO3 + 2g/L NaAlO2 ) is 
shown in the Fig. 2. The coating mainly consist of anatase TiO2 and Ti. The characteristic anatase peak of 
diffraction (1 0 1)was detected at 25.3ٿ (2©). Other anatase diffractions of (1 0 3), (0 0 4), (1 1 2), (2 0 0), 
(1 0 5) and (2 1 1) also appeared at 37ٿ, 37.8ٿ, 38.6ٿ, 48ٿ, 54ٿ, and 55ٿ (2©), respectively, and labeled 
in the figure. The crystalline sizes of anatase TiO2 (danatase) estimated from the (1 0 1) peak broadening 
using Scherrer’s equation as 14.19nm for TiO2. Although anatase-rutile transition is known to occur at 
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calcination temperatures above 400ć , but no rutile formation was observed in the MAO films, as 
exemplified by the absence of the main rutile (1 1 0) diffraction peak at 27.4ٿ (2©). The thermal stability 
of the anatase crystalline phase is probably due to a stabilizing effect of silica and aluminium present in 
the surface of films from the composite electrolyte. Therefore this crystalline of anatase TiO2 will 
expedite the photocatalytic reaction and improve photocatalytic degradation ratio .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Surface morphologies of MAO coatings generated in˄a˅MAO NaAlO2 electrolyte˄b˅  Na3PO4 electrolyte˄ c˅
MAONa2SiO3electrolyte˄d˅Na3PO4+NaAlO2 electrolyte˄ e˅Na3PO4+Na2SiO3 electrolyte˄ f˅Na3PO4+NaAlO2 +Na2SiO3 
electrolyte. 
3.3. The photocatalytic activity and corrosion resistance of the films 
The photocatalytic activity of the TiO2 coatings versus illumination time is shown in Fig. 3(a).When 
the TiO2 films are formed in the different electrolyte, the remnant concentration of methylene blue is 
gradually decline with increasing of illumination time. As shown in Fig.3(a) (top right corner ) 
photodegradation rate of methylene blue the MAO film in NaAlO2 electrolytes is very lower than that the 
MAO film in Na2SiO3 and Na3PO4 electrolytes, The photodegradation efficiencies of the films produced 
in Na3PO4+Na2SiO3+NaAlO2 electrolytes are highest. This because less addition of Si ion and AlO2- in 
the electrolyte makes the increase of the photocatalytic activity of the films. When the Na2SiO3 
(a)
(c)
(b)
(f)(e)
(d)
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concentration is 5.0 g/LǃNaAlO2 concentration is 2.0 g/L the produced film achieves the faster 
photodegradation of methylene blue. The removal of methylene blue using the film with UV irradiation 
of 180 min (as shown in Fig. 3) reaches 63%.  
Fig.3(b) shows the potentiodynamic curves of the MAO coatings formed in the different 
electrolytes.we know pure titanium potentiodynamic polarization in 3.5% NaCl solution is about í1.50V, 
Compared with the pure Ti, the anti-corrosion properties of the MAO coatings formed in all electrolytes 
are enhanced. The MAO coating of in  Na3PO4 +Na2SiO3 +NaAlO2 electrolytes showed corrosion 
potential (í0.580 V) much positive than that the MAO film of in NaAlO2 electrolytes (í0.701V) ,or the 
Na2SiO3 electrolytes (í0762V), In Na3PO4 electrolytes corrosion potential is lowest(í0.835V). The graph 
also show that the current density (icorr) of coatings tends to drop with the electrolytes different, These 
results mean that the corrosion resistance properties of the coatings can be ranked as: Na3PO4 +Na2SiO3 
+NaAlO2 electrolytes > NaAlO2 electrolytes > Na2SiO3 electrolytes > Na3PO4 electrolytes. which is 
consistent with the obtained corrosion potential (Ecorr) of the coatings. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. XRD spectra of of MAO films in the composite electrolyte of 15g/L Na3PO4 + 5g/L Na2SiO3 + 2g/L NaAlO2 
  
 
 
 
 
 
 
 
 
 
 
 
Fig.3. (a)Photocatalytic activity (remanent rate  of methylene blue vs time) and (b)the potentiodynamic polarization curves of  MAO 
coatings prepared in different electrolytes  
4. Conclusion 
In this study, TiO2 films were gained by the micro-plasma oxidation method in the different 
electrolyte. The performance of TiO2 films was investigated for the photocatalytic degradation of 
methylene blue. The experimental results can be summarized as follows: 
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 (1) The surface morphology of micro-arc oxidation film generated in composite phosphate has smaller 
and more uniform pores. this surface morphology is beneficial to enhance photocatalytic degradation ratio. 
(2) The absorbance test of TiO2 thin film shows that prepared in composite electrolyte of Na3PO4 + 
Na2SiO3 + NaAlO2 haves maximum photocatalytic efficiency. The removal of methylene blue reaches 
62% for 180 min.This is because the crystalline of anatase TiO2 will expedite the photocatalytic reaction 
and improve photocatalytic degradation ratio.  
(3) The corrosion resistance of MAO films was greatly improved. The corrosion potential of the 
coating formed in composite electrolyte of Na3PO4 + Na2SiO3 + NaAlO2 was maximum reach to ̢
0.580V, which provides a good protection method for the pure titanium. As the electrolytes different, the 
corrosion resistance properties of the coatings can be ranked as: Na3PO4+Na2SiO3+NaAlO2 electrolytes > 
NaAlO2 electrolytes > Na2SiO3 electrolytes > Na3PO4 electrolytes. 
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